Abstract. In order to test the consistency of the cosmological models with observations as well as to measure the different cosmological parameters, data on angular sizes and reshifts of ultracompact radio sources, compiled by Jackson and Dodgson, has been used recently by several authors in the models with constant Λ, concluding that a non-zero Λ is inevitable. In our attempt to solve the cosmological constant problem, we examine this data for a variable Λ by considering a model with a contracted Ricci-collineation along the fluid flow which demands Λ to be variable. We find that the acceptable fits are also obtained for open models with small Λ of either sign. The models are found to be decelerating and require intermediate density, higher than that in the models of Jackson and Dodgson but not as high as in the cannonical cold dark matter model of Kellermann.
Introduction
The angular size Θ of a standard measuring rod changes with redshift z in a manner that depends upon the parameters of the model. With this in view, the Θ -z relation was proposed as a potential test for cosmological models by Hoyle (1959) . The original expectation was that the test would be able to distinguish between the geometries of the various cosmological models, but this aim was not fulfilled because of the intrinsic scatter and evolution of the sources observed. However, Kellermann (1993) argued that the evolutionary effects can be controlled by choosing a sample of ultracompact radio sources, of angular sizes of the order of a few milliarcseconds, measured by the very long-baseline interferometry (VLBI). These sources, being short-lived and deeply embedded inside the galactic nuclei, are expected to be free from evolution on a cosmological time scale and thus comprise a set of standard objects, at least in a statistical sense. He used a sample of 79 such sources and showed that a credible Θ -z relation can emerge. His results were, however, limited to showing that the corresponding Θ -z diagram was in favour of the Einstein-deSitter canonical model (with Λ = 0), thus claiming the existence of a large amount of cold dark matter. Extending his work, by introducing Λ into the picture, Jackson and Dodgson (1996) showed that the Kellermann's data could also fit very well with a low density, highly decelerating model having a large negative cosmological constant.
A more extensive exercise was carried out by Jackson and Dodgson (1997) on a bigger sample of 256 ultracompact sources later. They concluded that the canonical cold dark matter model (with Λ = 0) was ruled out by the observed relationship at 98.5 percent level of confidence and the low-density Friedmann models with either sign of Λ were favoured.
The original dataset for the ultracompact sources, which Jackson and Dodgson (1997) used, was compiled by Gurvits (1994) . The full sample, taken by Gurvits, included 337 sources out of which Jackson and Dodgson selected the sources with z in the range 0.5 to 3.8 for reasons well discussed in their paper. These sources, 256 in number, were binned into 16 redshift bins, each bin containing 16 sources. Recently this compilation has been used by Banerjee and Narlikar (1999) in the quasi-steady state cosmology where they find that the data favours low density decelerating models of negative curvature of spatial sections with negative Λ (the quasi-steady state model has a built-in negative Λ).
Our aim in this paper is to examine the Θ -z relation for this data set of Jackson and Dodgson for a variable Λ, which explains, very naively, the present small value of Λ and thus solves the so called cosmological constant problem (Carroll, Press & Turner 1992) . For this purpose we need a model for the variable Λ. In this connection we note that a number of models (Gasperini 1987; Freese et al. 1987; Ozer & Taha 1987; Gasperini 1988; Peebles & Ratra 1988; Chen & Wu 1990; Abdel-Rahman 1992; Carvalho, Lima & Waga 1992; Waga 1993; Silveira & Waga 1994; Gariel & LeDenmat 1999) , with Λ as a function of time, have been investigated in recent years with different phenomenological laws for the decay of Λ, which are more or less ad-hoc. The precise mechanism of Λ-decay, which could be demanded by some symmetry principle, is not yet known. Indeed, since the basic motivation in these models is to understand the present-day smallness of Λ, they do not provide any natural relation between the magnitude of Λ at the beginning of inflation and the present-day observational upper bound. It would be worth while to investigate the symmetry principles behind the problem crying out for the variation of Λ and thus develop a more realistic and fundamental model for the decay of Λ. Moreover it is always reasonable to consider symmetry properties of spacetime rather than considering ad-hoc assumptions for the variation of Λ. In this view, we shall describe a Riccisymmetry, on the level of classical general relativity, which, apart from having interesting properties, does demand Λ to be a function of time (and space, in general). A cosmological model, based on this symmetry, has already been investigated by considering a particular set of boundary conditions and assuming that Λ = Λ(t) . However, as will be shown later, the incorporation of this particular symmetry in the Einstein theory does demand Λ to be variable and there is no need to assume Λ = Λ(t) before hand. We shall consider the models with this symmetry, without imposing any particular boundary conditions and study the Θ -z relation in the models in the way as done by Banerjee and Narlikar in their paper. In order to derive the Θ -z relation in the models and also for completeness, we reproduce the models in the following section.
2. The dynamical law and the models For our desired symmetry principle, we consider the contracted Ricci-collineation. The motivation for considering this particular symmetry will be discussed later. We note that a spacetime is said to admit a Ricci-collineation along a field vector η i (Collinson 1970; Davis, Green & Norris 1976) if
where L η denotes the Lie-derivative along η i . Further, a spacetime is said to admit a family of contracted Ricci-collineation if
which leads to the conservation law generator
if the Einstein field equations
are satisfied. It is costomary to give to the cosmological constant Λ > 0, the physical meaning of a vacuum energy density ρ v ≡ Λ/8πG with the pressure of the vacuum p v = −ρ v and we also admit it without further microscopic precision about the fields describing this vacuum. Thus the quantity appearing in the parentheses on the right hand side of equation (4) can be written as
representing the energy momentum tensor of the total matter, i.e., ordinary matter plus vacuum. Here 
which may be interpreted as the conservation of generalized momentum density. It is an important result in its own right , but it implies even more.
To understand the full meaning of this conservation law and compare it with the existing results, let us consider the Robertson-Walker metric
characterized by the length scale factor S(t) and the curvature index k of the three possible spaces t = constant. Now the Einstein field equations (4) yield two independent equations: The Raychaudhuri equation:
The Friedmann equation:
With (7), the conservation law (6) reduces to
which may be interpreted as the conservation of total active gravitational mass, taken matter and vacuum together, of a comoving sphere of radius S. It may be mentioned that (ρ + 3p) is defined as the active gravitational mass density (Ellis 1971) . We note that the conservation law (10) reduces to the present pressure-less phase of the standard big bang model for p = Λ = 0, which has been describing so satisfactorily the present universe.
To understand the presence of pressure and vacuum terms in (10), we consider the Raychaudhuri equation (8) which is the analogue of Newtonian gravitation and suggests that the gravitational pull is exerted, in fact, not only by ρ as in the Newtonian theory but rather by the active gravitational mass density (ρ + 3p), which exhibits the relativistic effects. It is this additional pressure and internal energy contribution to the gravitational force which is the major cause of the problem of gravitational collapse in general relativity. Together with the attraction due to (ρ + 3p), there is a repulsive force −2ρ v due to a positive Λ (or an additional attraction with a negative Λ) in this equation. It is this repulsive force which drives expansion, with the classical de-Sitter inflation, in the early vacuum-dominated universe. One may also note that the left hand side of equation (8) is the Gaussian curvature of the two-dimensional surface specified by varying r and t, keeping θ and φ constant, in equation (7) and may be considered as the curvature of the homogeneous, isotropic spacetime. Thus equation (8) implies that the curvature of spacetime is governed by the total active gravitational mass density of the universe. In this view, the conservation law (10) is a very naive assumption implying that the cause of curvature of spacetime, i.e., the total active gravitational mass should be conserved. It further implies, via equation (8), that the curvature evolves as S −3 , which consequently transforms the spacetime from a state of large curvature to a state of flatness as t → ∞. Equations (8) and (10), taken together, yield
which can immediately be integrated aṡ
where B is a constant of integration. This supplies the dynamics of the scale factor. Equations (9), (10) and (12) may be used to obtain
which give the equation of state of the perfect fluid constituting the total matter of the universe as
where
This is a physically reasonable equation of state since dp t /dρ t = 2p t /3(ρ t + p t ) indicating that dp t /dρ t < 1/3 for ρ t > p t . It may be noted that the equation of state (15) breaks down for p t = 0 (in the same way as does the usual barotropic equation of state for a perfect fluid for p = 0), in which case equations (13) and (14) jointly may be treated as the parametric equations of state. Consequences of the models have been discussed by Abdussattar & Vishwakarma (1995) for the case Λ = 0 where the models obviously got constrained by (B + k) < 0 and S ≤ 8πGA/3 | B + k |.
When Λ = 0, the equation of state (14) does not supply information about the ordinary matter source. If the ordinary matter is baryonic with its equation of state
this simply implies that Λ cannot remain constant. The reason is obvious. We now have 4 independent equations (12)- (14) and (16) in 3 unknowns S, ρ and p (provided Λ were known, i.e., constant). This over-determinacy can be compensated by allowing at least one parameter to vary. The only such parameter of interest is Λ (if we keep G as a constant. The cases with variable G have been discussed elsewhere Vishwakarma & Beesham 1999) . It is obvious that we would have reached the same conclusion had we considered any other assumption in place of (2). However, this symmetry, as we have seen, has its own significance. Equations (13), (14) and (16) thus yield
It may be mentioned that Λ varying as S −2 , which we here have in the pressure-less phase of the present models, has been considered by several authors to explain the present small value of Λ (Chen & Wu 1990; AbdelRahman 1992; Carvalho, Lima & Waga 1992; Waga 1993; Silveira & Waga 1994 ). The ansatz is primarily due to Chen and Wu who postulated it by dimensional arguments made in the spirit of quantum cosmology. Recently Jafarizadeh et al. (1999) have calculated the tunneling rate with a cosmological constant decaying as S −m and concluded that the most probable cosmological term with the highest tunnellig rate occurred at m = 2. Now we want to compare the models with observation. For this purpose we derive, in the next section, the angular size -redshift relation in the models.
Angular size -redshift relation in the models
We know that if the observer at r = 0 , t = t 0 (the subscript 0 characterizes the value of the quantity at the present epoch), receives the light from a source at a radial distance r 1 with redshift z, the Hoyle's formula gives the apparent angular size Θ of the source as
where d is the known (or assumed) proper size of the source and the coordinate radius r 1 is given by
with
By specifying, from equations (10) and (12), the constants A and B in terms of the values of the parameters at the present epoch as
and using (12) again, equation (20) can be reduced to
2 (for later references) are, respectively, the dimension-less forms of the density, the curvature and the cosmological constant parameters. Equations (19), (21) and (24) can also be combined into a single compact, though not very transparent, equation as
where I stands for the integral appearing in equation (24) and ξ(x) = sin(x) with K = Ω k0 for Ω k0 > 0, ξ(x) = sinh(x) with K =| Ω k0 | for Ω k0 < 0 and ξ(x) = x with K = 1 for Ω k0 = 0. It is clear from this equation that once we fix Ω k0 and Ω 0 , the theoretical Θ -z relation can be completely worked out for given d and H 0 . We consider H 0 = 65 Km/s/Mpc and d = 8 pc, as considered by Banerjee and Narlikar, and calculate the theoretical Θ(z) at the mean bin redshifts for a range of parameters Ω 0 and Ω k0 . Using the observed values of Θ i and the standard errors σ i of the ith redshift bin as the same as used by Jackson and Dodgson, we compute χ 2 according to
which has now 14 degrees of freedom since we have minimized it with respect to the two parameters Ω k0 and Ω 0 which are to be estimated from the test. A number of two parameter-models are thus obtained out of which we consider the models for which t 0 ≥ 0.7H Fig. 1 illustrates four typical cases of Ω k0 =-0.35, -0.25, 0 and 0.1 wherein for each Ω k0 , we have plotted the values of χ 2 against Ω 0 . We note that the minimum value of χ 2 decreases for lower density universes. Moreover, in accordance with the standard model, we have lower density for the open models. However, we also note that, in contrary to the claims of Jackson and Dodgson (1997) Though some cases of very good fit arise for open models of higher negative curvature of spatial sections (with higher values of negative Ω Λ0 ), but these can be ruled out by age considerations alone. We also note that for Ω Λ0 = 0 and Ω k0 = 0, the model reduces to the Einstein-deSitter model (Ω 0 = 1), with χ 2 min = 35.007 which renders the model quite unacceptable. All the models shown in Fig. 1 are obviously decelerating. In fig. 2 , we have compared some theoretical curves with the actual data points.
Interpretation and discussion
We would also like to mention here that although any small variation in the value of d does not alter our results significantly, a big change might add to or reduce the number of acceptable cases. To avoid this, we could have considered d as a free parameter to be estimated from the data but this would have simultaneously reduced the number of degrees of freedom hence increasing the uncertainties in the estimates of the parameters and consequently reducing their reliability. This difficulty, however, can be removed very easily by considering the data on Θ, z from the low redshift-sources, in addition to the data from the higher redshift-sources. In the low redshift limit, equation (25) reduces to
which is free from any of the Ω-terms. Thus by measuring the quantity dH 0 from the angular sizes and the corresponding redshifts of the nearby sources and using it back in equation (25) we can measure the other parameters from the high redshift data even without knowing H 0 . This will be our task for future. 
